A bi-factorial experimental design was considered to assess moisture variation of sweet potato-quinoa-kiwicha flakes (SP-Q-K) caused by the changes in the rotational speed and steam pressure of a rotary drum dryer (RDD). As it is a design with discrete variables, there is a limitation in the modeling and optimization thus techniques of Artificial Intelligence (AI): Artificial Neural Networks (ANN), Fuzzy Logic (FL) and Genetic Algorithms (GA), were applied, and their prediction ability evaluated. Due to the limitation of data for proper training, the ANN did not allow a correct prediction of the experimental data. Response Surface Methodology (RSM) was employed to obtain the relational equation among the experimental variables, which was used as the objective function with GA, and this allowed moisture optimization. Because of this, it is recommended to integrate RSM and GA into optimization studies. In this research the use of FL among variables, enabled us to get the best prediction adjustment of experimental values (R 2 = 0.99), with a mean absolute error of 0.6±0.66 %, setting a pressure value of 5 atm and a speed value of 6 rpm for flakes at 4.99 % humidity.
Introduction
The consumption of breakfast cereals is associated with the supply of energy and nutrients, influenced by their level of the product on the surface and the steam pressure/temperature inside that determines the temperature at the surface of the drum, and is transferred to the product. RDD allows you to use high temperatures (100-120 ºC) in a short drying time, making it possible to improve the retention of bioactive compounds (Galaz et al., 2017).
RSM consists of a set of mathematical and statistical techniques for the development of relationships between the response of interest and a number of associated variables. It is useful for applications in which there are no reliable mathematical models to establish such a relationship, which can be approximated with a low grade polynomial model. It is also useful in cases where experimental data is expensive FL emulates human reasoning using imprecise information to generate decisions. Unlike traditional approaches, which require a mathematical understanding of the system, FL proposes an alternative way of processing, which allows to model complex systems through the use of human knowledge, through rules that depend only on the expert's experience. In these circumstances, each fuzzy rule represents an expert observation that models the conditions under which candidate's solutions; they have been modified in order to achieve the optimum location (Díaz-Cortés et al., 2017).
GA are the most popular optimization algorithms, often used for solving complex optimization problems. GA has a number of advantages which include the ability to work both with continuous as well as discreet variables and have a great potential for the application of parallel computing techniques, which allows you to reduce the processing time. Since its introduction in 1975, important developments in various components have been made, such as chromosomes encoding, crossover, mutation and selection, providing a probability guarantee for a global optimum solution, which decreases when the size of the problem increases. It is thus desirable to find the best global solution, with a highest probability of success (Dao et al., 2017).
Considering that the humidity of the CQKbased breakfast flakes is an important factor in their conservation, a bifactorial experimental design was proposed in the present investigation to evaluate the variation of moisture due to the changes of the rotational speed and steam pressure of the RDD. The bifactorial design relates variables in a discrete way, so it is limiting for modeling and optimization. In this sense, knowing the potential of AI techniques, they were applied to the experimental data obtained, in order to evaluate their usefulness in these cases and their prediction capacity.
Material and methods

Materials and equipment
Yellow SP, white Q flour (a variety from Junín) and Oscar Blanco K flour variety were used, mixed in puree form, and then dosed by an auxiliary roller without heating (ARWH) into a RDD of 0.6 m 2 steam heated surface (Figure 1) . A stainless steel blade scraper (SBS) was used to separate dehydrated flakes. The steam was supplied by a boiler at 8.2 atm, whose pressure was regulated with the valve at 3 and 5 atm. A motor with gears and a pulley system allowed us to modify the rotational speed of the RDD. The steam supply to the RDD was done through a mechanical seal, allowing its dosage, simultaneously with the drum rotation. When steam transfers heat to the puree impregnated on the RDD outer surface, its temperature increases almost instantneously, and the steam is condensed inside, it gets out through the mechanical seal and this allows a continuous operation. To determine the moisture, analytical balance of 600 ± 0.01 g was used, and a drying stove with maximum temperature of 300 ± 5 °C. Table 1 shows the moisture values obtained from the drying process. In this Table it Drying temperatures at 100, 110 and 120 °C, determined by the steam pressure inlet and the drying times, were set by the drums' rotation speed. After processing, the dehydrated product was separated by the blades of each drum, which was then collected and placed in polyethylene bags. The results showed that drum drying is a very fast process. The required drying time to eliminate 92.5 %, 97.6 % and 96.1 % of the pomegranate peel water was 7.0, 6.7 and 4.3 min at 100, 110 and 120 °C, respectively. The drying time was considerably lower in comparison with the traditional hot air drying process. Initial moisture in the fresh pomegranate peel was 66.8 ± 1.9 g water/100 g of shell (2.01 ± 0.17 g water/g DM), obtaining a final average moisture content of 5.0 %, 1.6 %, 2.6 % at the above mentioned temperatures. As can be observed, the drum speed and steam pressure/heating temperature, are process variables to control the moisture content of the product. This criterion was considered for the design of the present research. In Figure 6 the contours and threedimensional surface of the flakes moisture dehydrated in the RDD is observed, where the lowest moisture is denoted by the blue color and the highest by the red. In Figure 7 , 4.98 % adequate moisture was obtained with an inlet of 6 rpm speed and 5 atm pressure. Genetic Algorithms Random populations were generated from a software data set, making up the chromosomes. These generated new offspring iteratively and using by default the genetic operators of selection, crossover and mutation until fully optimized. The generational iterations for the flakes moisture minimum optimization in the objective function (fitness) (Equation 1) (considered 5 %) are denoted in Figure 9 . A 5.06 % value from generation 16 is observed. 
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